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— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi— 


Introduction 

In Air Conditioning system Design , we 
should have the following : 

collect the required information, then 
calculate the cooling/heating loads of 
the selected space according to design 
criteria , with designing of the duct and 
pipeline network. Followed by the 
selection of systems and equipment of 
HVAC units and size/type of air 
diffusers & Grills. 

During the design from start to end, we 
must review & coordinate with Owner, 
consultant and other disciplines. 
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— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi — 



What is Heat and its Amount 


1^ ij4^ 5 La 



: clil Jl»-! A jjjlj jjj*.• tS ^LdLl) c 5 Jl> ' jJI 


The amount of one heat, to change the temperature of one-degree Fahrenheit, For one pound of water called: 


BTU = British Thermal Unit 


















































— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi — 


Amount of Heat and the Refrigerant Ton 

Refrigerant Ton = 

{jA 2000 ^ 1 000) . V* L-l)^ ^ x '* J. ,* aU» tVi a y 

All mechanical systems are compared to melting one ton (1000 kg = 2000 Lb) of ice called 

IMC = Ice Melting Equivalent = 2000 Lb ice x 144 BTU/ 1 Lb ice = 288,000 BTU 
jla)l 24 J^U- o Jla JJIjI ^U^ij jl^-3 ISIj 

If there is a mech. system capable of removing this heat within 24 hours, it is called refrigeration tons 

288,000 BTU/24 Hr = 12,000 BTU/Hr = 1 Ton 



















— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi — 


Physical states of matter ^ 

(Solid - liquid - gaseous) ( 2ujLc - ) 

Change by adding or removing iL** wy j 

the amount of heat 


SENSIBLE GAINS: 

It is the heat that causes the temperature to 
change and does not affect or change the physical 
state of the matter. 


LATENT GAINS: 

It is the heat that causes the physical state of the 
matter to change and does not change the 
temperature during the material's transformation. 

Like ice: its temperature is 32 degrees Fahrenheit, 
and if it turns into water, its temperature remains 
,32 degrees Fahrenheit. 


.0 ^UJI 
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V3 5 ^UD j^I ^U)l J* ^J.1 03I 

. S^UI Sjlj-seJI i/o~3^ 
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— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi— 


Heat Transfer 

3j«W JIZul 

Heat: constantly moving energy. 


The heat transfer from one body or medium to 
another depends on: 

: ^11 Sjlj-seJI >1 JuoJou) 

Conduction: Heat transfer through a substance 
such as copper and aluminum, and the weak heat 
conducting material are called insulators. 


Radiation: Heat is transmitted in the form of 
waves - like light or radio . It heats the bodies 
located on it and is exposed to them, such as 
sunlight. 

r.Uj) , j 0 lc juiii: f u^i 

Convection: a natural transmission such as the 
movement of air currents or by forcing fans or 
pumps. 
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— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi— 


Why do we air condition 
buildings? 



HEALTH. 

SAFETY. 

PRODUCTIVITY. 

COMFORT. 
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— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi— 


FACTORS AFFECTING 
HUMAN COMFORT 


oL-u^yt\ 




•TEMPERATURE. 

•HUMIDITY. 

•AIR MOVEMENT. 
•AIR QUALITY. 



•s>M • 
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— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi — 

Building Mechanical Services - wusLutsLdt gujlv 



Dual temperature systems 


Machinery room piping 


Cooling tower piping 


Domestic hot water 


Sprinkler for fire protection 


Domestic cold water 


Chilled water 


Wet and dry standpipe 


Hot water heating 


Condenser water 


Storm and roof drains 
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-a -*-*-**- a -tui 

HVAC Design Systems 
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HVAC System Design 
Depend On: 




S^2S1 

•+ ♦♦ 

S tjic. Jl 


♦♦ ♦♦ 


The outside Area Air Temperatures: 

• Dry Bulb temperature 

• Wet Bulb temperature 

The designed inside Dry Bulb Temperature ( Air quality, Motion & Humidity) . 
Location directions (north, south, west, east). 

Architectural drawing of the place (length x width x height). 

Determine the windows area and the type of glass and curtains. 

Determine the nature of the activity 
(hotel, residential, commercial, theater, etc ...) 

Determine the places adjacent to the place. 

Determine the number of people inside the place. 

Determining the electrical load for equipment, lighting, motors, etc. 


•'.* * A It £^ 4 }! * 
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Determine the percentage of fresh air that needs to be fed to the place. 
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I LjL* jAjtX) 

ZteJuSU <-±uSuU 


HVAC Gathering Information 
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2lidjQlt ‘ 4-cu/Lu/Vl cjLajJUtXl 


HVAC SYSTEM DESIGN: STEP-BY-STEP. 




SOURCES OF INFORMATION 

TYPICAL INFORMATION 



TOPIC 

SUBTOPIC 

OR DATA 

OR DATA 

TYPICAL RESULT 

REMARKS 



. OWNER 

. BUILDING SIZE 

. WRITTEN SCOPE OF 

. OBTAIN NAMES OF PEOPLE INVOLVED, 


SCOPE OF WORK 

. ARCHITECT 

. BUILDING FUNCTIN 

WORK, SITE PLAN AND 

PHONE NUMBERS AND ADDRESSES. 



. LOCATION 

FLOOR PLANS. 

. IDENTIFY ORGANIZATION OF THE 




. FLOOR PLANS 


PROJECT TEAM. 

o 

i—i 

BUDGET AND 

. OWNER 

. MECH.WORK COST LMITATION 

• Cheap System 

Private - Speculative 

H 

< 

ECONOMICAL 


. Expensive System 

Institution, Owner Occupied 


CONSIDERATION. 

. ARCHITECT 

. QUALITY 

• Low / High Quality 


O 

fa 



. 1st vs, OPER COSTS 

• If 1st, Low Oper. High 


! Z 

i—i 



. LIFE CYCLE COST 

. Balanced & Good Design 

Government 

o 

z 

CODES AND 

. OWNER 

. UBC (Year) (1) 

• A Complete List of Clearly Defines 


X 

fa 

REGULATIONS 

. ARCHITECT 

. UMC (Year) (2) 

the Design must Comply with 


X 

H 


. LOCAL AUTHORITIES 

. NFPA (Year) (3) 

Codes & Regulations. 


◄ 

o 


. GOV. AGENCIES 

• Government Standard & Regulations 



OTHER DESIGN 

. ARCHITECTURAL 

Allocated Mech. Rooms, Basics of Air Distribution. 

Awareness Of Any Special 



GROUPS 

. CIVIL 

Utilities,Sizes Locations, Pressure,Capacity, etc.... 

Limitations & Needs of the 




. STRUCTURAL 

Type of Structure Steel,Concrete, etc . 

Other Design Groups. 




. ELECTRICAL 

Power Source & Ratings 




(1) . Uniform Building Code (Year Published) Note : The Latest may not Apply - Check out. 

(2) . Uniform Mech Code (Year Published) Note : The Latest may not Apply - Check out. 

(3) . National Fire Accociation (Identify Applicable Sections). 


High-resolution table version: 


https://bit.ly/2MbzpyC 


iliiaj JL>JI 4 >in’i 
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* 


SELECTING 
ENTERNAL & 

EXTERNAL 
DESIGN CRITERIA 

(Refer to ASHRAE Data) 



(l JujSuM CjLuuS jl^i) 
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jQJl a ‘ a i ‘ n <^»"t 2 Lcu/LmVI >_cjbtXl 

m V V V -V MM f M M V M M 


// VA C SYSTEM DESIGN: STEP-BY-STEP. 




SOURCES OF INFORMATION 

TYPICAL INFORMATION 



TOPIC 

SUBTOPIC 

OR DATA 

OR DATA 

TYPICAL RESULTS/VALUES 

REMARKS 


INDOOR SESIGN 

. Owner/ASHRAE (1). 

• Summer : 72 - 78 °F 


(1) Fundamentals 


CONDITIONS 

• Engineer to Advise Owner. 

. Winter : 68 - 72 °F. 

N/A 



(TEMP,HUMIDITY) 


. Rel. Hum : 30 - 60% (2). 


(2) Normally No Humidity Control 


OUTDOOR DESIGN 

. ASHRAE (3). 

• Summer : 2 1/2% 


(3) Decide W/ Owner Or Per Code (s) 


CONDITIONS 

Fundamentals for the 

. Winter : 97 1/2% 

N/A 

[1% Or 2 1/2% Or Other ] 

•55- 

(TEMP. DB/WB). 

Project Location 




< 

VANTILATION 

• Engineer / Owner 

• Out Door Air 

10 CFM / Person 


hH 

& 

AIR RATES 

. ASHRAE STD. # 62. 

• Toilet,Locker Ablution Exhaust. 

2 CFM / Ft2 


w 

H 



• Elec,Telecom.Security Closets. 

0.5 CFM / Ft2 


HH 

P4 

U 

Z 



• Parking Garage Exhaust. 

1.5 CFM / Ft2 



• Owner 

• FT2 / Person 

100 Ft2 / Person (Offices) 


o 

hH 

POPULATION 

• Architect 

• Quantity Of People Per Room 

17 Ft2 / Person (Conference Rooms) 


in 

W 


. ASHRAE STD. # 62. 




Q 

NOISE CRITERIA 

• Owner 

NC Level 

. Offices (30-45 db) 



(NC) 

.ASHRAE 


• Sound Studios (22 db) 






• Restaurant (40-45 db) 





• Duct Sizing Criteria 

0.08 - 0.1 inches / 100 Ft. 



MISCELLANEOUS 

.ASHRAE 

• Pipe Sizing Criteria 

4 ft/sec Up to 4" 

<10 ft/sec for 5" and Above 



** Also Use ASHRAE Standard No. 90. 


High-resolution table version: 


https://bit.ly/2MbzpyC 
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5usL>i sn 

♦♦ < 4 #^ ♦♦ 


^Lcu/LUl ul> J 


2 U< 4I4II1 JUwcJt ‘ d • SJJJ 





Figure 4-1. Standard Effective Temperature 
and ASHRAE Comfort Zones 
























































— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi — 


EXAMPLE OF EXTERNAL DESIGN 

CONDITIONS 

LOCATION: 

ALTITUDE: 

DESIGN MAXIMUM TEMPERATURE: 

DESIGN WET BULB TEMPERATURE: 

DESIGN MINIMUM TEMPERATURE: 


RIYADH 

620m 

44 9 C DRY BULB 

22 9 C WET BULB 

-1-C DRY BULB 
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Example of internal AC DESIGN * 31Ut 

FOR OFFICES dJt 

INTERNAL TEMPERATURE: S^1 

WINTER 21 9 C DRY BULB, SUMMER 22-24 9 C DRY BULB 


INTERNAL RH: 

WINTER 35% MINIMUM , SUMMER 40-60% 


FRESH AIR VENTILATION RATE: 

10-12 LITRES / SECOND • PERSON 
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j IteJuSl j lJluSZU 


Load calculation method 
for air conditioning, heating and ventilation 

















— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi — 


Cooling Load Calculation = ljLjLu^ 

Q = U x A x AT 

Q = Total Cooling Gain (Watts / KW) = Jl«-I 

U = Thermal conductivity Coefficient 
(W/m 2 K) — 

A = Area ( m 2 ) = ^Lai 

AT = Temperature Difference (°C) = T 0 -T| = 
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WL i&jCJI 1 p j ^ ujULlu-^w wliaj^ ^ 


HVAC SYSTEM DESIGN: STEP-BY-STEP. 


TOPIC 

SUBTOPIC 

SOURCES OF INFORMATION 

OR DATA 

TYPICAL INFORMATION 

OR DATA 

TYPICAL RESULTS/VALUES 

REMARKS 

* 

* 

in 

Z 

o 

HH 

H 

"U M FACTORS 

• Architect (1) 

. ASHRAE 

• Wall,Floor, & Roof Details 

Wall: 0.08-0.12 

Roof: 0.06-0.10 

Unit for U factor are BTU / Ft2 - HR - °F 

(1) To Provide type of windows 

Walls,Roofs etc... Details. 

• Windows 

Single : 1.00 

Double : 0.4 - 0.6 

fa 

fa 

WINDOWS SHADING 

• Architect (2) 


Single : 0.6 - 1.0 

(2) Determines Type,Color Tint etc.... 

fa 



. Shading Coefficients 



fa 

COEFFICIENT 

.ASHRAE 


Double : .25 - 1.0 

Indoor & Outdoor Shading 

s 


• Architect (3) 

• Sensible Gain 

250 BTU/HR 


o 

fa 

PEOPLE 




(3) Number Of People 

o 


.ASHRAE 

. Latent Gain 

250 BTU /HR 


/h 

HH 

- 


• Electrical Group 

. Watts / Ft2 



o 

LIGHTING 



1.0 - 3.0 W/ft2 

60% To Room,But Varies,Reffr to ASHRAE 

fa 

fa 


.ASHRAE 

• Qty & Rating Of lamps 



o 

z 

e 

APPLIANCES & 

. Architect 

. Cooking 



fa 

hh 

EQUIPMENT 

. Electrical Group 

. Data Processing 

Vary, Obtain Specific Data 

3413 BTU/KW HR 

PC 



• Motors, etc.... 




OUTDOOR VENTILATION 

• Design Criteria 

• Population 


(4) OA = EA + Pressure in or, 

& 

C8 

s 

AIR LOAD 


. Air Balance & Outdoor (OA) 

Vary , To be Calcualted 

cfm/Person x No. of People 

M 

| 



Air Rate (4) 


Which Ever is Greater 

C/5 

2 

ROOM & SYSTEM AIR 

• Heating / Cooling Load 

• Each Room SA,RA & EA 

. Interior 0.6 - 1.0 cmf/ft2 

• Rooms - Peak Loads 

fa 

fa 

DISTRIBUTION SUMMARY 

Calculation 

• System Total SA,RA, OA. 

. Exterior 1.0 - 4.0 cfm/ft2 

• System - Block Load 





. OA ~ 8 - 12% OF SA 



** Calculation Methods : 1. Manual (Use Special Forms & CLTD Method For Opaque Walls & Roofs. 


2. Computer (Trane, Carrier Programms, etc.) 

SA = Supply Air, RA = Return Air, OA = Outside Air, EA = Entering Air. 


High-resolution table version: 


https://bit.ly/2MbzpyC 


iliiaj JU>JI 4 >in’i 
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Internal ROOM HEAT GAINS 


INTERNAL SENSIBLE GAINS: 

1. ELECTRIC LIGHTING. 

2. ELECTRICAL 'PLUG LOADS' 

3. OTHER EQUIPMENT. 

4. MONITORS. 

5. PROCESS WORK. 

6. PEOPLE. 




.1 

(PCs, PRINTERS, COPIERS). uUjMjjj j. .«Sj^l) diUelfl" .2 

LjljUl -4 .3 

.oLlljJLl .4 


INTERNAL LATENT GAINS: 

1. PEOPLE. 

2. COOKING. 

3. PROCESS WORK. 

4. WATER FEATURES. 


:(/v a jJI i/sJL^l^aJI 




.1 

.2 

.3 

.4 


.oLdJ tZilj-oS 
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External ROOM HEAT GAINS 3j!W* 


EXTERNAL SENSIBLE GAINS: 

1. DIRECT AND SCATTERED SOLAR 
RADIATION. 

2. 'AIR-TO-AIR' TRANSMISSION GAINS 
THROUGH GLASS AND NON-GLASS 
ELEMENTS. 

3. SOLAR RADIANT HEAT THROUGH 
WALLS/ROOF. 

4. SENSIBLE HEAT GAINS CAUSED BY 
INFILTRATION OF WARM OUTSIDE AIR. 


.1 

(j-« vfI J! £.1 c-» jUi^N . 2 

W-3JI 

LA^ejL^ll j 


EXTERNAL LATENT GAINS: 

1. INFILTRATION OF MOISTURE IN 
OUTDOOR AIR. 


:i/\JuoL^aJI \y\^uju^ .^zaJtl uw^)Ue)l 

{jA (^LUtoiXl (—£.1^^ • 1 
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— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi— 

Cooling Load Calculation = 

Qt = Qw + Q rad + Qinf + Ql + Qp + Qe 

Q t = watts or kilo watts = J^sJI 

Q w = Q w + Qc = The Heat load of wall & Ceiling = 

Q rad = The Heat load of Glass = dLuLJtJL)^j|>aJI J-o^dl 

^inf = The Heat load of infiltration = *1^11 <J-««JI 

Q, = The Heat load of Lighting = <£>|>sc)l cU^JI 

Q p = The Heat load of People = cU^JI 

Q e = The Heat load of Equipment = ^it ,m t. „ 11 ^'i j ^~tt 
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Cooling Load Calculation = jUj-Olt ubU> 

Heat load of wall & Ceiling = ■ hZMtWj ^ 

R = 1/U = Resistance = l/h 0 + 1/hj + £ x/k = 
h = Heat Transfer Coefficient by Conductivity ( W/m 2 K) 

X = thickness ( mm ) = ,..ti 

K = Heat Transfer Coefficient by Convection ( W/m K ) 

— Sjlj^&JI (JLZljl 


27 


















— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi — 

Cooling Load Calculation = £bLa^ 



o 


Heat load of Glass from radiation = 

Q rad = A x I x SC 

A = Area ( m2 ) = Jo-LJJ 

I = Radiation ( W/m2 ) = 3 jl£ 

SC — Shading Coefficient ( o.34 to 0.83 depend on shading type. Curtains & number of layers) 
— . ll^>" 11 
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Cooling Load Calculation 


Heat load of Infiltration 




Qinf = V/v 0 xC pair (T 0 -T i ) = NxVx 2 lh / (3600 x v 0 ) 


N No. of Air Changes per hour (ACH)^ 0r p e0 p| e 2,5t 0 24 for each person) 
C pair = Specific heat of air = 1.006 KJ/Kg K = ojj^l 

Ah = enthalpy change =^^„^uir.vt ^^ 

V = volume of the room ( m 3 ) = 

V = Quantity of moving air (m 3 /s) = V x N / 3600 = 4$*]! 


Air leakage (L/S) 


(from windows 0.36 to 1.7 & from doors 5 to 660, depend on closed, open or revolving) 




v 0 = Quantity of outside air ( m 3 /kg ) = 
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Cooling Load Calculation = ljLjLu^ 

Heat load of lighting = 3*L^Vi 

Q, = NxPxFxDF 

N = No. of bulbs = CjLwJUI ^jlc 

♦ 

P = Bulb Power ( watts ) = 53^1 

F = factors (1 to 1.3 ) = cUL»il 

DF = Diversity Factors ( 0.3 to 1) = (jjlaJI 
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Cooling Load Calculation = obLax^ 


Heat load of People = <>» 3ji 

Q p = n x ( q s + q,) x DF 
n = number of people = jjlc 

q s — sensible heating (watts)(f rom g6 to 170 depend on the person, movement & loc. type) — v i 'j '"“tl 

q, = latent heating = 

DF = Diversity Factors ( 0.4 to 0.9 ) = 
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Cooling Load Calculation = obLax^ 


Heat load of Equipment's = 2i <bf judt <>» 

QE = X (1- a ) E 

E = The equipment power (Watt) = Sjuu«U;^jy)l3>L£)! 
a = equipment coefficient = ^sellSslL^s. 
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3 
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n 
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R 

■''■convection 


= LI(k^A) 

— outdoor^) \ 

S 

Figure 3-2. The Three Thermal Resistances to Heat Flow Through the Wall j 
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PRESSURE - ENTHALPY CHART 


Pressure 


Mete 

Devic 



Refrigerant rejects 
heat to atmosphere 


Enthalpy 
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The Duct Air distribution Designing 
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Ductwork sizing method 


$.1 £$3 1 ^jL>w 4 ijLu/LlA <_jLluIo»I Jlu i 



£D,aoo mom 



yN 

,v * /r 

V 5 C /7 




y/'sJ 






$Sj 

















si 

X.J 



g#?- tafllWt- fc 




" ,/r. J 

' ' ! 1 1 ‘-^j 


,'-T 
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Single duct air conditioning system and dual & 3-way system 
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Single duct air conditioning system and dual & 3-way system 





-T> 
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JU-d 


Fans and Ductwork 
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Ductwork & Equipment 
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Ductwork & Equipment 






.OUT-OF-WALL 

STACKHEAO 


OFFSET COLLAR 
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Ductwork & Equipment 
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HVAC SYSTEM SCHEMATICS ^ 




AIUUV, 
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JUiuil AJLuaj Ai> 3 <> HjlA « 2j» 120 Ui Oy£L fjL <jfa 7.5 Jli« 


Example of a 7.5 Ton AC for an apartment of 120 m2, consisting of 3 bedrooms and a reception hall 



Duct size from: 
A-B = 24" x 16" 
B-C = 10" x 16" 
C-D = 10" x 10" 
C-F = 9" x 10" 
B-G = 16" x 20" 
G-H = 16" x 18" 
H-E = 10" x 12" 


Total Friction Loss = 0.22" 

Supply duct = 0.07 " 
2x90 D Elbow = 0.06" 
Diffuser = 0.09" 
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2Ulajf jLO^I 

Selecting HVAC Systems & Equipment 


(3^LuiJU) IjtiI jJi4jLat 

♦♦ 

Jl Jjlj jJlj diljUsallj 


Used in the High-rise Residential offices , Buildings, 
Hotels, Airports and large Gov. & Private Facilities 
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HVAC SYSTEM DESIGN : STEP-BY-STEP. 


TOPIC 

SUBTOPIC 

SOURCES 

OF 

INFORMATION 

OR DATA 

TYPICAL 

INFORMATION 

OR 

DATA 

TYPICAL 

APPLICATIONS 

REMARKS 

SYSTEM TYPE SELECTION 

AIR SYSTEM 

ASHRAE 

SYSTEMS 

VOLUME 

• Single Zone 

• Single Exposure 

• Window less building. 

• Basic type. Constant. Load Or Uniformly Varying 

• Reheat 

• More than one Exposure 

• Energy Waste fuel, use Restricted. (Energy innefficient) 

• Valiable Air Volume ( VAV) 

• Any Commercial with more than one 
Exposure Exterior zones with Reheat. 

• Most Popular Energy Efficient Inlet Vanes 

Speed Or discharge Damper 

• Induction 

• Hotels, Offices 

• High Velocity, high Pressure 

Primary Air + Room Air (Induced) 

• Dual Duct 

• Expensive Commercial 

• Expen si ve,Best Temp & Air Circulation Control 

• Multizone 

• More than one Exposure - Area close 
to Mechanical Room. 

• Less Expensive, Low Efficiency Similar to 

Dual Duct. 

CHILLED 

WATER 

SYSTEM 

ASHRAE 

SYSTEMS 

VOLUME 

• Central 

• More than two Buildings within 
Reasonable Distance 

• Most Economical for Most Applications 

• Decentralized 

• Distantly located Buildings 


• Variable Flow 

• Commonly Used New System 

• 2 Way Valves, Multiple Pumps, Variable Speed 

Pump's, Low Operating Cost. 

• Constant Flow 

• Older systems 

• If Secondary System and Humidity 

Control Required. 

• 3 Way Valves, High Operating Cost. 

• Primary / Secondary 

• Larger Systems with Separate 

Buildings 


• Water Cooled Condensers 

• Commonly Used 

• High Refrigration Cycle Efficiency (Lower Condencing 

Pressure) - Low Operating Cost. 

• Air Cooled 

• Possible Lower initial Cost 

• Smaller System 

• Special Cases 

• Low Efficiency ( High Condenser Pressure ) 

- High Operating Cost 




. CHW At = 10 - 20 °F, Longer Pipe Runs Greater At 

. Condenser Water Wet Bulb + ( 5 to 8 °F), At = 10 to 12 °F. 


High-resolution table version: 


https://bit.ly/2MbzpyC 
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HVAC SYSTEM DESIGN: STEP-BY-STEP. 




SOURCES OF INFORMATION 

TYPICAL INFORMATION 



TOPIC 

SUBTOPIC 

OR DATA 

OR DATA 

TYPICAL APPLICATION 

REMARKS 

z 



. Electric Resistence 

• Mild & Warm Climates 

. Low First Cost 

0 

H 




• VAV with Reheat. 

. High Operating Cost, Unless Low Electric 

& 

z 




. Baseboard Heating 

Rates 

H 

Z 

n 



. Hot Water 

. Colder Climates 

. Variable Flow with 2-Way Valves, New 

w 

U 

z 




. Commounly Used 

3 - Way & Const, Older Systems 

0 

H 

u 

H 





. Water Temp. Control From OA Temp (1) 

HEATING 

ASHRAE - Systems Volume 

. Steam 

. Colder Climates 

. Costly to Maintain 

w 

m 




. Industrial Applications 


g 

Ph 



• Natural Gas 

. Low First Cost 

. Furnaces must be Vented 

H 

§ 




. Industrial Applications 


w 

H 




. Retrofit Work 


m 

> 

m 



• Radiant - Natural Gas 

. High Roof 





Or Electric 

. Shops, Plants,Warehouses, etc.... 



(1) OA - OUTDOOR AIR 


High-resolution table version: 


https://bit.ly/2MbzpyC 


iliiaj JL>JI 4 >in’i 
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HVAC SYSTEM SCHEMATICS ^ 
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*12Uy»UY« 21_ (OajYt 

Equipment's for the main Air Conditioning System 


Many Air-conditioning, Heating & 
Ventilating System - Such as: 

• Window Type Unit. 

• Split System. 

• Roof Top Package Units. 

• Split Duct System. 

• Chillers. 

• DX System. 

• Heating, using same above system. 

• Ventilating. 


: J£ll <J_^ (jJLlS ^ Jil)l3 
.dLuLJDI • 

. 1 " t .SS A ‘t I • 

. Jo3^=,>113j*»^l • 

■J Juooll I Jo3^= >X\ 5>49-^l • 

.Jo5-^=jll JojCjl <ol • 
"ljojcJ!C jI• 
.o^ci (*■! Jv^ajcdl ol * 

.Jo^l oIjc-j • 
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‘ *•» ‘ I^"tl % LjLuJLuJI. ijt 

AC System Advantages & Disadvantages 



jA\ 



L-*\ \ 4 1 *i\W ^ ^ 

t** \\ IlLutl j l" ' 


AjjS j4I 

4 9 A\a11 


4L*aii4l 



Chillers 

Package System 

Split Duct System 

Split System 

Window Type 
Unit 

Advantages & 
Disadvantages 

Large 

Medium 

Medium 

Medium 

Small 

Size 


High 

Medium 

Medium 

Medium 

Low 

Initial Cost 

AilSjJI 

Low 

Medium 

Medium 

Medium 

Medium 

Operating Cost 

A 

Low 

Medium 

Medium 

Medium 

Low 

Maintenance 

AjU all 

Low 

Medium 

Medium 

High 

High 

Electrical 

Conump. 


Low 

Low 

Medium 

Medium 

High 

Noise 


Yes 

Yes 

Yes 

No 

No 

Fresh Air 

Control 

4_*ll 

Yes 

Yes 

Yes 

No 

No 

Air Circulation 
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HVAC SYSTEM DESIGN: STEP-BY-STEP. 


TOPIC 

SUBTOPIC 

INFORMATION REQUIRED 
TO SELECT Or DATA (2) 

TYPICAL INFORMATION 

IN EQUIPMENT SCHEDULE 

LIST OF MAJOR 
MANUFACTURERS 

REMARKS 

EQUIPMENT SELECTION 

AIR HANDLING 

UNITS 

• CMF Summary Calculation 

• SP (1) Calculations 

. CMF,SP,BHP Motor HP,RPM, 

Wheel Dia, & Type 

Trane, Carrier, Mcquay, AAF. 

< 50,000 Cfm Factory Fabricated 
> 50,000 Cfm Field Erected Wheels (FC,AF,BI). 

FANS 

. Same As Above 

• Same As Above 

. Trane, ILG, PENN, Flakt, Joy. 

• Centrifugal (Scroll & In - Line) 

• Propeller 

• Axial Flow 

FAN COIL UNITS 

. Cooling Load Calculations 

. Heating Load Calculations 

. MBH,CMF,SP, Motor HP. 

. Trane, Carrier, Mcquay, Lennox 

. Vertical, Horizontal 

. Cooling Heating Or Both 

AIR FILTER 

. Total CMF Rate 
• Efficiency 

. CMF,Face Velocity, SP (Clean / Dirty), 

No. Of Cartriges 

AAF American Air Filter 
Cambridge FARR. 

• Flat,Bag,High Eff. Particulate (HEPA) - For 
Clean Rooms 

. 500 FPM Max. Face Velocity. 

• Dust Filter (Weather like Saudi Arabia) 

. Oil Filter (For Hospitals) 

COOLING 

COILS 

. SA,OA, Rates 
• Phychormetric Chart 

. CMF,MBH,EAT and LAT(DB&WB),EWT 
& LWT, Fins/Inches-Rows, GPM, Face Veloc 
APD, WPD. 

Trane, Carrier, Aero Fin, Mcquay 

ity, 

. 500 FPM Max. Face Velocity 
. 3 f/s Min Water Velocity 

. 120 Fins / Ft Max. 

. 10 - 20 Ft Water Pressure Drope (PD) 

HEATING COILS 

WATER 

. Same As Above 

. CMF,MBH,EAT,& LAT,EWT & LWT, 
GPM,APD. 

• Same As Above 

• Same As Above 

HEATING COILS 

ELECTRICAL. 

• Same As Above 

. CMF,MBH,KW,EAT,LAT. 

Volts/ / HZ, APD. 

CHROMALOX,BRASCH MFG., 

TRANE. 

• Open/Enclosed Elements 

. Maintain Min. Face Velocity 

• Step / SCR / Step - SCR. Controls. 

PUMPS 

. GPM, (Total All Users Rates) 

. TDH Calculations 

. GPM, TDH, BHP, Motor HP 

Bell & Gossett, Paco, Aurora, 

Thrush 

• In-Line,End - Suction 
. Split Casing (Horizontal & Vertical) 

. Turbine (Single & Multi - Stage) 

CHILLER 

. Total Tonnage 

. CHW & CW (EWT & LWT),GPM 

. Evaporator & Condenser WP 

D 

. Trane, Carrier, york, Mcquay 

• < 100 Tons Reciprocating 

• > 100 Tons Centrifugal Or Absorption 
. > 500 Tons, Use 2 Chillers Or More 

COOLING 

TOWERS 

. GPM,EWT & LWT 
. Wet Bulb Approach ( 3 ). 

. GPM, EWT & LWT, WB, Fan Motor HP 

• Baltimore Air Coil 

. Marley 

• Ceramic Cooling Tower. 

. 3 GPM / Ton If 10 °F At 

• Ceramic Popular in Saudia 

• Chemical.Water Treatment,Blow-Down,make-up Water, 

Water Filteration 

AIR DISTRIBUTION 

• Room CMF Summary 

On Layout Drawings :- 

. CMF 

. Face Or Neck DIM. 

• Direct of Air Flow 

. Titus 

• Barber - Colman 

• Krueger 

. 0.1" PD (Inlet - Outlet) 

. No Excessive Noise (NC) (4) 

• Proper Throw 


(1). SP - Satie Pressure (2). Manufactures Data - Catalogs and Computer Equipment Selection Programmes. 
(3). Cooling Tower Wet Bulb Aproach : 5 - 10 °F (4). See "NC" Under" Design Criteria "Sht. 2. 


4>m'l 


High-resolution table version: 


https://bit.ly/2MbzpyC 
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♦ ♦♦♦♦ ^ w * 

Air Conditioners Uses according to the capacity 
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j lJluSZW gl jjht 2LH4i 


Example Types of air conditioning, heating and 

ventilation equipment 
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hs* 

The cooling Unit cycle 
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Diagram of a typical air conditioner 





A - Expansion Valve B - Compressor 
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Figure 6-2. Components in a Vapor-Compression Refrigeration Cycle 
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ulLot—ullt lj! JL>*« 

♦♦♦ + 

Window Type Units 



Jl (j) £ uj JocILuji 


Used in the Bldg - Apartment and Construction Portable Cabins 
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A window AC unit 
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4 ♦* ♦* V 


Condenser 

Coils 

(HOT) 


Fan Motor 


Evaporator 
- Coils 
(COLD) 



Expansion 

Valve 


Inside a 
Basic Window 
Air Conditioner 

S2003. HowStiyfrwarxs.cam 


Condenser Fan 


Blower 


Controls 

Air Inlet Grill 

Air Outlet Grill 

® 1999, HomeTlps.com 


Filter 

Evaporator Coil 


Condenser Coil 



Com 


pressor 
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Split System units 


31 








Used in the Bldg. Apartment, Villas and Offices 




















o 


V 



— Air Conditioning Design & Application | By Eng. Sameer Al-Qurashi— 

Condenser & Compressor Of Split AC 
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FREE STAND UNIT (FX) jl 
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Uld>J 

Roof Top Package Units 







)l ^ <GUI 

♦♦ 


Used in the Villas and Offices 



















PACKAGE UNIT 
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PACKAGE UNIT 
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Condenser 
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Cj\ a SXi Lji 


PACKAGE UNIT 


Water cooling coil 
Water supply — 


Condenser 

air in 


Condenser air cool 
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Selecting Chillers Units 


"I 1 tj i —~' ---ti l 1)Laurel^ * /itia 4 jL«IJUbILu/I 


3^Ju^l 3 1 -* ♦! A 3 ^ Jl Jjljjjl 3 LjljUsailj 3 


Used in the High-rise Residential offices, Buildings , Hotels, 
Airports and large Gov. & Private Facilities 
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ljI <Lco»Lu/Yl a> Jjl 

BASIC VAPOUR COMPRESSION CYCLE APPLIED TO A WATER CHILLER 



EXE A MSI ON 
VAVLE 


LIQ UID 
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How Chiller Work 



A - Expansion valve C - Heat Exchanger 

B - Compressor D - Chilled Water to Bldg. 
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WATER COOLED Chiller 
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WATER COOLED Chiller 
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AIR COOLED Chiller 



Boilers 
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2L»l d I JL>I ■ * < 3U> V JAS 2t_OajVt 

Sub-System for the Central Cooling System 


Many Air-conditioning, Heating & Ventilating 
Sub-System - Such as: 

• Cooling Towers 

• Air Handling Unit 

• Fan Coil Unit 

• Pumps & Pipes 

• Control Air Movement 

Include Constant & Variable Air Volume 

• Sound & Vibration System 

• Filters 

• Humidify & Dehumidify System 


JuJI^ JU £** ‘ A ^ill a aL-» d q 

:<_)LaU ^jtaULui ^. 1 * A i_ * jk Grj. A Jl 

ljI # 

ljIaJLq lj! # 
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i—>l i. g a h 2*^3 l ^ Dj* 4 ^ y # 
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COOLING TOWERS 
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Cooling Tower 




Air Cooled 


Water Cooled 
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♦♦ ♦ 




/\ Water Sprays 


iiv 



Air In 


Sump Louvers 

Coo! Water Out 


Warm 


Water In vl .aAAAAa A 

«»■ ■ i — 


Air In 

' Cool 
Water Out 


Louvers 



Cooling 
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Figure 6-4. Open Loop Cooling Tower 


Figure 6-5. Closed Loop Cooling Tower 
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(iUUIdJt ■- tjJtl) 2J LU ulJLvj 

AIR HANDLING UNITS 
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3 Jj-ttl /~«1 At^“, a 

CHILLED WATER REQUIREMENTS FOR FANs 

IN A COOLING COIL: 

ENERGY "LOST" FROM AIR 
= ENERGY "GAINED” BY CHILLED WATER 


CHILLED WATER FLOW RATE 



CCL (kW) 
WTR (K) X SHW 


CCL = COOLER COIL LOAD 

WTR = WATER TEMPERATURE RISE 


SHW = SPECIFIC HEAT WATER 
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£.12Q L >4 ljI 2Luid1 j_uLtXi 


LTGK(X)W Series Cabinet (Horizontal) Air Handling Units Technical Parameters 
-New Air Working Condition 


Data 

Air 

Flow 

Raws 

of 

External 

Pressure 

Cooling 

Capacity 

Heating 

Capacity 

Water 

Flow 

Water 

Resistance 

Power 

Sound 

Weight 

Model No. 

m 3 /h 

Pipes 

Pa 

KW 

KW 

m 3 /h 

Pa 

KW 

db(A) 

KGS 

LTGK(X)W-100 

10000 

4 

510 

106.8 

122.3 

18.4 

26.7 


<64 

336 

6 

480 

1482 

1432 

255 

48.6 


356 

LTGK(X)W-120 

12000 

4 

390 

130.3 

1452 

225 

40.1 

1.5x2 

<64 

438 

6 

360 

180.6 

1712 

31.1 

532 

476 

LTGK(X)W-150 


4 

440 

1615 

181.7 

275 

42.6 

1 0*0 

<64 

520 

1 DUUU 

6 

410 

2265 

214 

39 

735 


562 

LTGK(X)W-180 

18000 

4 

500 

190.6 

218.3 

325 

442 

2.2x2 

<65 

556 

6 

470 

269.6 

257.6 

46.4 

782 

585 

LTGK(X)W-200 

20000 

4 

510 

2115 

242.5 

365 

465 

3.0x2 

<65 

576 

6 

480 

2995 

285 

51.6 

82.6 

610 

LTGK(X)W-230 

23000 

4 

590 

243.5 

278.9 

415 

48.7 

4.0x2 

<68 

612 

6 

560 

344.4 

3275 

59.3 

852 

639 

LTGK(X)W-250 

25000 

4 

590 

2682 

3025 

462 

495 

4.5x2 

<69 

652 

6 

560 

371.6 

356.6 

64 

82.6 

710 

LTGK(X)W-280 

28000 

4 

540 

288 

3385 

49.6 

43.6 

4.5x2 

<70 

679 

6 

510 

4035 

400 

695 

925 

729 

LTGK(X)W-300 

30000 

4 

540 

308.4 

363 

53.1 

52.3 

5.5x2 

<70 

712 

6 

510 

4325 

428 

74.5 

912 

765 

LTGK(X)W-350 

35000 

4 

590 

375 

423.7 

645 

59.4 

5.5x2 

<72 

826 

6 

560 

5175 

499.4 

89.1 

962 

910 
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AIR HANDLING UNIT ( FANS) 




i 

. Ahtffrba 
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AIR HANDLING UNIT 


Iftutjgod 

&Mn%t 

enclosure 


l0w*l£3i k QO\ U connections 

dampers 


frame 

Channel 

disassembly 


Custom modular 

design with variable 

diiirten$fortung 

feature 




bypass l 


heat exchanger l 


supply filter l 


INTAKE AIR 


■ duct humidity sensor RH 
(accessory) 

^extract filter 


EXTRACT AIR 


■ duct temperature 
sensor TES 

f control unit 

y supply fan 


freeze protection 
temperature sensor 


SUPPLYAIR 


EXHAUST AIR 

condensate 
drain pipe 


exhaust fan ■ 


I 


<3 as Iketed 

frame 

channel 


Smooth Double-sloped 

interior drain pair 

surface 


Variable 
height base 
rails 


Relief air 
damper 




Return 
air fan 


Return air 
damper 


IT 


Outdoor 
air damper 


£ 


Preheat 

coil 


Cooling 

coil 


AHU 


Filter, 


+ 




■Supply 
I air fan 


Hot water "Jf ' [“ Chilled water 
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JTjIa ilaiu 1 2 QjLL4 

DOUBLE SKIN AIR HANDLING UNIT 



• • 


* 30 0 ; ; 
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\ liila 

Fan Coil Cooling/VAV Heating 
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FAN COIL 


Ev«»Of?ATatt CiDiU - 


MODWINQ'.BRACKET =m 



u 




i iectrical .control PA^iiy, ~i 
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Juj-uJl CA iU 


COOLER COIL DUTY 



AIR OFF 

i 

© 

AIR ON 



J 



LOAD = MASS FLOW AIR x ENTHALPY CHANGE 
Q = m X A h 


kg kj 
kW = — X - 1 
s kg 
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jhALoTJ) ujL lU 


HEATER BATTERY DUTY 



AIR OFF 

1 



AIR ON 



1 




LOAD = MASS FLOW AIR x ENTHALPY CHANGE 


Q = m x Ah 


OR 


kg kj 

kW = — X -!■ 
s kg 


LOAD = MASS FLOW AIR X SPECIFIC HEAT X TEMPERATURE CHANGE 


kg kl 

kW = — X —7- X K 
s kgK 
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4-ujLj 4 I 3^ I aLdt cjI 

+ 444 V V 4 44 

Chilled Water Pumps and Piping 
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Piping measurement chart 



Pressure Drop (ft) in Pipe per 100 feet of Pipe 


4 


PD" i 100 f 
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Condenser Water Systems 



oLdi 




jIjA JiLcJ 


L-iiUl lij jdJ *Lc. 


JjL * Li ■ 

□ jt* 

,'*^Lh JriLd B 

n j.l :l£ 
ijL Jiu B J ■ J 
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^jUI Sjl-sl ^ .u-.i 

Automatic Controls and BMS 
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Figure 3-1. Heat and Mass Balance on a Single-Room House 
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CONTROL PRINCIPLES & REQUIREMENTS 



ControiSvstems 


Chapter 4 — Control Principles 
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Automatic Controls and BMS 
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Automatic Controls and BMS 
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Air control applications and their purpose 
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Air control applications and their purpose 
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£rl 'eL ijLLulaJ 



Air control applications 


^ALL-AIK SYSTEM®} 

* jfl 5*W® J 3^ 

34^1^1 il j£y& j 


:,i VA 


> C osw ention all, s^st'em^ =Aj 
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Noise and Vibration 
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Noise and Vibration 


♦ A ♦ 





Room type 

Octave band 
analysis 

Approximate overall sound 
pressure level 

NC/RC 

dBA 

dec 

Hotels/Motels 

Corridors and lobbies 

40 

45 

65 

Service/support areas 

40 

45 

65 

Office buildings 

Executive and private offices 

30 

35 

60 

Conference rooms 

30 

35 

60 

Teleconference rooms 

25 

30 

55 

Open-plan offices 

40 

45 

65 

Corridors and lobbies 

40 

45 

65 

Courtrooms 

Unamplified speech 

30 

35 

60 

Amplified speech 

35 

40 

60 

Performing art spaces 

Drama theaters, concert and recital halls 

20 

25 

50 


Music teaching studios 

25 

30 

55 


Music practice rooms 

30 

35 

60 

Hospitals and clinics 

Patient rooms 

30 

35 

60 


Wards 

35 

40 

60 


Operating and procedure rooms 

35 

40 

60 


Corridors and lobbies 

40 

45 

65 

Laboratories 

Testing/research with minimal speech 
communication 

50 

55 

75 


Extensive phone use and speech communication 

45 

50 

70 


Group teaching 

35 

40 

60 

Churches, mosques, 
synagogues 

General assembly with critical music programs 

25 

30 

55 

Schools 

Classrooms 

30 

35 

60 


Large lecture rooms with speech amplication 

30 

35 

60 


Large lecture rooms without speech amplication 

25 

30 

55 

Libraries 


30 

35 

60 



- Pain 

Very unpleasant 

Unpleasant 

Annoying 

- Sensible 

- - ■ 1 G 


Frequency (Hz) 
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Noise and Vibration 


ii; 






SAFEFLEX SFDEJ EXPANSION JOINT 

INSTALLED ON EQUIPMENT SIDE OF 
THE SHUTOFF VALVES 
SPECIFICATION 23 


HIGH DEFLECTION SLR 
RESTRAINED SPRING MOUNTS 

WITH SPECIFIED DEFLECTION. 
WIND RESISTANT OR SEISMIC 
CAPACITY IN SEISMIC ZONES. 
WHICHEVER IS HIGHER. 
SPECIFICATION 6 _ 


SPRING DEFLECTION 
BASED ON FAN RPM 
WHEN LESS THAN 
600 RPM 


PROPERLY 
REINFORCED 
COLUMNS. 
EXTENSIONS 
OR PEDESTALS 


TYPICAL VIBRATION CONTROL of AIR CONDITIONING SYSTEM 



ALPHA ACOUSTIKI Ltd. 

KABOUROGLOU 19, 11525 ATHENS GREECE TEL: (♦30210) 6779875 FAX: (♦30210)6779269 wnww.vlbro.gr 
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Filters 
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Humidify & Dehumidify System 
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Humidifying & Dehumidifying 


www. e* pia imhaisniir. com 
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Review and Coordination of HVAC Designs 



/ 
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id jCJI (0-c4Luaj 


HYAC SYSTEM DESIGN : STEP - BY - STEP 



SUBTOPIC 


SOURCES OF 


TYPICAL 

TYPICAL 

RESULTA 


TOPIC 



INFORMATION 

INFORMATION OR 

REMARKS 




OR DATA 


DATA 



AIR FLOW 

. ASHRAE 




. A Drawings Showing All Major 

Show all Automatic Dampers,Air Flow 

z 

0 

DIAGRAMS 

. Pevious Similar Projects 



AHU'S,Fans,etc...,All Lines showing 

Monitors,Air Rates,(SA,RA,EA)Also 

HH 


. Articles ( PUBLICATION ) 



are flow Arrangment. 

Exfiltration & Air Transfer Rates (From 

H 

< 


. Experience 





Room to Room - Area to Area) 

5 

WATER FLOW 

. Same As Above 



. Adrawing Showing All Cooling 

Provide Expansion Tank, Air Seperator, 

Q 

DIAGRAMS 






Coils,Fan Coils & Other Equipment 
Using CHW,Pump,Lines,Sizes 

Chemical by-pass-Feeder,Stainers, Upstream 

06 

© 







Of Pump & Control Valves 

o 

LAYOUT 

. From Engineer to Designer 

. CMF,GPM,Rates,Equipment Types, 

. Layout Dwg's Showing Ducts,Pipe 

Develop List of Symbols,Abbreviations to 

u 

*5 

in 

£ 

DRAWINGS 




Sizes, Catalog Cuts. 

Sizes,Air Rates,Equipments, etc.... 

be Used on Drawings.make sure designer 








well aware of all design Criteria. 

COORDINATION 

. Mech. Eng. / Designer 


. List of HVAC Equipment 

. Coordinated Mech. & Electrical 


w 

HH 

With/ELECTRICAL 


i 

k 

M—► E 

. HP Ratings 

Design Drawings 


> 

w 

06 

GROUP 





. Emergency Power 





r 



. Lighting W/Ft2 



z 


. Elec. Eng. / Designer 

E —► M 

. Cooling Loads 



o 

HH 






. Power Ratings 



m 

W 

COORDINATION 

. Mech. Eng. / Designer 


. Equipment,Weights 

. Coordinated Mech. & Structural 


Q 

W/STRUCTURAL 



k 

M—► S 

. Walls,Floor,Roofs 

Drawings. 


H 

Jr 

GROUP 


l 



Penetrations 



W 


. Struct. Eng. / Designer 

S —► M 

. Framing Plans 



§ 

COORDINATION 

. Mech. Eng. / Designer 


. Location of Air Outlets, 

. Coordinated Arch, & Mech 


o 

W/ARCHITECTURAL 


I 

t 

M—► A 

Sizes etc.. 

Design Drawings 


h-3 

w 

GROUP 


y 

1 


. Location & Size of Louvers 



> 

Q 


. Architects 


A—► M 

• Floor Plans Room Names 








Reflected Ceiling Plans 



Z 

REVIEW Of DESIGN 

. HVAC / Designer 


. Flow Diagrams 

Well Coordinated Dwg's with Min. 


o 

HH 

DRAWINGS 



k 

E —► D 

. CMF,GPM, Rates 

Amount Of Errors and Omissions 


m 

W 


i 

1 



. Equip Sizes & No's. 



Q 


. HVAC / Engineer 

D—► E 

. Layout Drawings. 




SPECIFICATION & 

. Standard Specification (1) 


. General Requirements 




SEQUENCIES OF 

. Previous Projects 


. Code References 

Well Defines Work to Make Every - 



OPERATION 

. Manufacturers Data 


. Submittals 

Body's Life Easier Plus Save 








. Materials & Equip 
. Executions 
. Tests, Guarantees. 

Owner's Money. 



(1) CSI (Construction Specification Institute) 


High-resolution table version: https://bit.ly/2MbzpyC 4 ^-loj iq9 
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Examples of some of the vital projects 















ICE BANK 
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i I uJt oblj^ 


THERMAL ENERGY 
STORAGE 

Ice banks added to 
chillers in Riyadh Bank 
Headquarters building. 
Cooling Capacity is 
increased by 
generating ice 
overnight. 



Ill 
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'L. (jjSm* £>j <*jL d tW< 

COOLING LOAD PROFILING 


The Kingdom Centre - Total Cooling Load Profiles July Design Day 


“O 

CO 

O 



Total Cooling Load Profile (O&A) 

Retail Fresh Air and Lighting 100% from 0900-2300, Occupancy and Equipment varies (EG) 
Original Occupancy Prof ile, Design Day July (EG) 

— Retail Fresh Air, Lighting, Occupancy and Equipment 100% from 0900-2300 (EG) 

TES Demand Profile (Energico) 

— Installed Chiller Capacity 4000 TONR 

Original Occupancy Profile, Design Day November (EG) 


5630 

5067 

4504 

3941 

3378 

2815 

2252 

1689 

1126 

563 

0 


20000 -| 
18000 - 

16000 - 

14000 - 

12000 - 

10000 - 

8000 - 

6000 - 

4000 

2000 - 

0 - 


DC 

O 


T3 

(0 

O 


1 2 3 4 5 6 7 8 9101112131415161718192021222324 

time (hours) 
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Tower with Buildup Area 2,000,000 m 2 



Package+ Duct 

Chiller+ Duct+ Pipes 

Chiller Saving 

tonnage 

130,000 

100,000 


initial cost 

400,000,000 

1,000,000,000 

+600,000,000 

Maintenance 

100,000,000 

200,000,000 

+100,000,000 

Elect, consumption/year 

150,000,000 

50,000,000 

-100,000,000 

Elect, consumption/10 year 

2,000,000,000 

500,000,000 

-1,500,000,000 

Total Cost / 10 years 

2,500,000,000 

1,700,000,000 

+800,000,000 
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Examples of the vital projects 
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Examples of the vital projects 
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( 


O 


GLu&d t ulj I 

Examples of some of the main components 

of air conditioners Units 
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M Compressor 
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Examples of some of the valv units of air conditioners Units 
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Table 3-2. Unit Conversion Factors 


Quantity 

From SI Unit 

From IP Unit 

Length 

I m = 3.281 ft 

1 ft® 0.305 m 

Area 

1 m 2 = 10.76 ft 2 

1ft 2 =0.0283 m : 

Volume 

1 m 3 = 35.32 ft’ 

Iff =f.0929* s 

Mass 

1 ks * 2.205 lb 

28 

1% = 0.435 kg 

Force 

IN* 0.2248 lb. 

1 lb. * 4,448 N 

Energy- 

lkJ = 0.9478 Btu 

1 J = 0.7376 ft*lb, 

1 kWh ■ 3.412 x Iff Bui 

1 Btu-778.2 ft*lb,= 1.055 J 

1 fi*!b,= 1.356 J ' 

1 Btu = 2.930 x 10~kW*h 

Specific Energy 
Specific Enthalpy 

1 kJ/kg=0.4298 Btu/% 

% 

1 Bru/% = 2.326 kJ/kg 

Power 

1 W = 3.412 Btu/h 

1 kW-1.341 hp 

1 kW - 0.2844 ton (refhg.) 

1 Btu/h = 0.293 W 

lhp = 2.545 Btu/h = 0.746 kW 

1 ton = 12,000 Btu/h = 3.516 kW 

Pressure 

I Pa* 1.450xiflH’pi 

1 atm = 101 kPa 

1 pi = 6.897 x H> 5 Pa 

1 atm = 14.7 pi = 29.92 in. Hg 

Temperature 

1°CAT = 9/5TAT 

1°F AT = 5/9°C AT 


y°C = ((9/5)y+32]T 

K = °C + 273.15 

y*F = (y - 32)(5/9) t C 

R = T + 459.67 

Velocity 

1 m/s = 1.969 x 10* ftmin 

I ftmin = 5.079 x 10' s m/s 

Mass Density 

I kg''m ; * 6.243 x 10‘ 2 lb Jft* 

1 %/ft 5 » 16.02 x 10’ kg/m s 

Mass Flow Rate 

1 kg/s = 2.205 %./$ 

1 kg/s = 7.937 x Iff %/h 

1 %/sec = 0.4535 kg's 

1 %/h = 1.260 x!0 J kg's 

Volume Flow Rate 

1 m 3 /s=2.119 x 10 2 cfm 

1 m 3 /s = 1.585 x 10 * gal/min 

1 cfin = 4.719 x 1Q~ iff/s 

1 gal/min = 6.309 x 10' 5 m ! /s 

Thermal 

1 W/(m*°C)= 

1 Btu/(h*ft»*F) - 

Conductivity- 

0.5778 Btu/(h*ft 2 * e F) 

1.731 W/(m*°C) 

Heat Transfer 

1 W/(m 2 * e C) = 

1 Btu/(h*ft 2#0 F) = 

Coefficient 

0.1761 Btu/(h«ff» c F) 

5.679 W/(m : **C) 

Specific Heal 

1 J/(kg* a C)= 

2.389 x 10* Btu''(lb n *°F) 

1 BtU/(% *°F) a 

4.187 x 10 : J/(kg*°C) 


lj! Jj JLv 
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